Background: This study assessed the prevalence and severity of early childhood caries (ECC) and identified socioeconomic and behavioral correlates of the disease in preschool children living in Xinjiang. Methods: For this cross-sectional survey, 1727 children aged 3-5 years in Xinjiang were randomly recruited using a three-stage cluster sampling procedure. The "dmft" index according to the WHO 1997 criteria was used to assess ECC and severe ECC (S-ECC). A questionnaire was completed by caregivers. Variables included sociodemographic characteristics, dietary and oral hygiene behaviors, and access to dental services. The statistical associations of variables with ECC, S-ECC, and dmft were evaluated by univariate and multiple logistic regression analyses. Results: The prevalence of ECC was 78.2% and that of S-ECC was 41.2%; mean dmft scores were 5.61 ± 3.56 and 8. 17 ± 2.94, respectively. The prevalence of ECC was significantly higher in children from Ining (OR 2.747; 95% CI 2. 033-3.713), those whose caregivers had caries (OR 1.78; 95% CI 1.245-2.547), those with a dental visit in the past (OR 2.023; 95% CI 1.429-2.865), and those whose parents had received instructions on oral health care (OR 2.171; 95% CI 1.44-3.272), and increased significantly at age 4 years (OR 2.09; 95% CI 1.506-2.901) and 5 years (OR 2.666; 95% CI 1.855-3.833) and in children who starting tooth brushing at a young age (OR 1.363; 95% CI 1.171-1.587), and decreased significantly in children with a more educated mother (OR 0.817; 95% CI 0.688-1), those from highincome families (OR 0.667; 95% CI 0.582-0.765), those with low consumption of sweets (OR 0.66;, and those who seldom ate before sleep (OR 0.557;. Conclusions: ECC and S-ECC remain a serious problem among preschool children in Xinjiang. Caries rates were associated with sociodemographic and behavioral factors, which could be modified by public health strategies, including protection of primary dentition, extension of insurance to cover oral preventive services, improvement of the oral health care system, and public health education.
Background
Early childhood caries (ECC) remains a major public health problem in preschool children, especially in developing countries, in view of its early onset and high prevalence, as well as the high likelihood of nontreatment [1] [2] [3] [4] . ECC impacts on quality of life, increases the risk of caries in the permanent dentition, and promotes inequalities in oral health [5, 6] . Moreover, the consequences of untreated severe ECC (S-ECC) in young children are more serious than those of caries that develop in adulthood [7] . However, in most cases, ECC can be prevented, controlled, or even resolved if treated appropriately, even in the presence of S-ECC [8, 9] . Prevention of ECC is not only the responsibility of the dental profession but also that of society as a whole [5, 10] . Therefore, an effective oral health promotion strategy must be based on understanding and assessment of societal and behavioral factors potentially affecting oral health at the population level.
Societal and behavioral risk factors identified to be associated with S-ECC include low socioeconomic status, lack of fluoridation of community water, maternal factors (low education level, caries experience, less oral health knowledge), consumption of sweets, eating before sleep, inadequate dental hygiene behaviors, and lack of dental services [11] [12] [13] [14] [15] . These data indicate that S-ECC is concentrated among children from socially disadvantaged families and communities, those of indigenous and minority status, and those resident in less developed regions [11, [14] [15] [16] .
The Xinjiang Uygur autonomous region is situated in the far northwestern part of Mainland China, and is a multi-ethnic settlement in which Uyghur and Han Chinese are the predominant ethnic groups, constituting approximately 85.4% of the total population of 2264.3 billion [17] . As a frontier province, Xinjiang is one of the less developed Chinese provinces in terms of economy and health care, where there is a total of 2573 registered dentists (including assistants) and the ratio of registered dentists to population is 1:8800. Oral health assessment and preventive programs have not been adequately implemented as yet, especially in the rural communities, which lack oral health care services [18] . There are very limited data on the prevalence of ECC and its severity among preschool children in this region. The aims of this study were to assess the prevalence and severity of ECC and to evaluate possible socioeconomic and behavioral correlates of the disease in preschool children aged 3-5 years living in Xinjiang.
Methods

Study population and sample size
This study was carried out in the rural and urban communities of the main region of Xinjiang. A three-stage stratified sampling method was used to recruit the study sample. In the first stage, a southern city (Kashgar) and a northern city (Ining) were chosen because they contain the largest populations in the Xinjiang region [17] (Additional file 1: Figure. S1 ). In the second stage, each of the two selected districts was stratified into urban and rural areas, comprising four urban districts and six rural townships in Kashgar and eight urban districts and eight rural townships in Ining. One kindergarten was randomly selected from each urban district and township. In the third stage, three kindergarten classes representing children aged 3, 4, and 5 years were randomly selected from each enrolled kindergarten. The sample size was calculated before initiation of the study assuming a prevalence of ECC of about 60% (based on an estimate of the prevalence of ECC in the Urumqi region), a margin of error of 5%, a 95% confidence level, and a 15% non-response rate. Accordingly, a sample size of 294 per age group was sought. The study was approved by the ethics committee at the First Affiliated Hospital of Xinjiang Medical University (Reference 20,130,216-103) and was carried out from March 2013 to May 2015.
Clinical examination
To ensure reliability, four dentists were trained centrally and evaluated 20 children from a kindergarten before performing the examination until the inter-examiner and intra-examiner reliability showed a Kappa agreement of >0.85. The children's oral health examinations were performed in the kindergarten nurses' offices with a knee-to-knee posture between 9.30 a.m. and 11.30 a.m. under natural light using disposable dental mirrors and explorers. No radiographs were taken. The "dmft" index according to the WHO 1997 criteria was used to assess ECC and severe ECC [19] . ECC was defined as the presence of 1 or more decayed, missing, or filled tooth surfaces in any primary tooth in a child aged up to and including 71 months of age. S-ECC was defined as ≥1 decayed, missing or filled smooth surfaces in the primary maxillary anterior teeth or a dmft score ≥ 4 (age 3 years), ≥5 (age 4 years), or ≥6 years (age 5) [8] . Secondary caries was considered decayed and children suffering enamel hypoplasia were excluded. All examination records were held by the dentists.
Questionnaire survey
The questionnaire included information on the following: sociodemographic characteristics (region, sex, age, ethnicity, residence, gestational age, family size, parental education level, average annual income, caretaker with cavities), dietary behaviors (feeding history, frequency of sweets consumption, eating before sleep), oral hygiene behaviors (start of tooth brushing, daily brushing frequency, parental supervision of tooth brushing, and using fluoride toothpaste), and use of a dental service (dental visit in the past and parents having received oral health care instruction). A questionnaire in the Uygur and Han languages was designed by the research team referencing the guidelines of the American Academy of Pediatric Dentistry and consensus in the current pediatric dental literature [8, 20] , and was pre-tested for clarity. Two trained Uygur dental students instructed the caregivers on how to complete the questionnaires. Written informed consent was obtained from all caregivers who agreed to participate in the study.
Statistical analysis
The statistical analysis was performed using SPSS version 21.0 software (IBM Corp., Armonk, NY, USA). The prevalence and mean dmft score were used to determine the extent and severity of ECC and S-ECC in the study population. Associations of variables with dmft scores were evaluated using the t-test and one-way analysis of variance. The χ 2 and χ 2 for trend were used in univariate analyses to assess the differences between the ECC and S-ECC groups. Variables that showed significant associations were included in multiple logistic regression models. A p-value of ≤0.05 was considered to be statistically significant.
Results
Of 1857 children approached, 1727 were enrolled, representing a 93% response rate. The reasons for nonresponse were refusal to participate (33%), absence from kindergarten (50%), and failure to complete the questionnaire (17%). The study populations were evenly distributed between boys (52.1%) and girls (47.9%). The mean age of the children was 4.19 ± 0.72 years. The prevalence of ECC was 78.2% (n = 1351) with a mean dmft score of 5.61 ± 3.56 and that of S-ECC was 41.2% (n = 711) with a mean dmft score of 8.17 ± 2.94. However, 93% of the children with caries had not received treatment and 98.3% of the teeth with caries were not filled.
The prevalence and severity of ECC according to sociodemographic characteristics, dietary habits, oral hygiene habits, and use of a dental service are shown in Table 1 . Results from the univariate analyses showed that 13 variables, including region (P < 0.001), age (P < 0.001), a caretaker with cavities (P < 0.001), mother's education level (P < 0.001), father's education level (P = 0.001), average annual income (P < 0.001), frequency of sweets consumption (P < 0.001), eating before sleep (P < 0.001), start of tooth brushing (P < 0.001), daily brushing frequency (P < 0.001), parental supervision of tooth brushing (P < 0.001), a dental visit in the past (P < 0.001), and parents having received oral health care instruction (P = 0.004) were associated with ECC. Ten variables, including age (P = 0.012), a caretaker with cavities (P < 0.001), mother's education level (P < 0.001), father's education level (P = 0.005), average annual income (P < 0.001), frequency of sweets consumption (P < 0.001), eating before sleep (P < 0.001), parental supervision of tooth brushing (P = 0.011), a dental visit in the past (P < 0.001), and parents having received oral health care instruction (P < 0.001) were associated with S-ECC. As expected, the trend of mean dmft was similar in statistical significance to that of ECC.
Thirteen variables identified as being statistically significant in univariate analysis were entered into the logistic regression models. The results showed that the prevalence of ECC was significantly higher in children from Ining (odds ratio [OR] 2.747; 95% confidence interval [CI] 2.033-3.713), children whose caregivers had caries (OR 1.78; 95% CI 1.245-2.547), those with a dental visit in the past (OR 2.023; 95% CI 1.429-2.865), and those whose parents had received oral health care instruction (OR 2.171; 95% CI 1.44-3.272). Further, the prevalence of ECC increased significantly at the age of 4 years (OR 2.09; 95% CI 1.506-2.901) and 5 years (OR 2.666; 95% CI 1.855-3.833) and in those who started tooth brushing at a younger age (OR 1.363; 95% CI 1.171-1.587), and decreased significantly in children with a more highly educated mother (OR 0.817; 95% CI 0.688-1), those from a high-income family (OR 0.667; 95% CI 0.582-0.765), those with low-frequency sweets consumption (OR 0.66; 95% CI 0.57-0.763), and those who seldom ate before sleep (OR 0.557; 95% CI 0.437-0.712), as shown in Table 2 .
A similar result was found for S-ECC, the prevalence of which was significantly higher in children who had a caregiver with caries (OR 1.827; 95% CI 1.43-2.334), those with a dental visit in the past (OR 2.253; 95% CI 1.774-2.861), and those whose parents had received oral health care instruction (OR 1.821; 95% CI 1.358-2.441). The prevalence of S-ECC was significantly decreased in children from high-income families (OR 0.843; 95% CI 0.76-0.935), those with a low frequency of sweets consumption (OR 0.842; 95% CI 0.745-0.939), and those who seldom ate before sleep (OR 0.694; 95% CI 0.573-0.84), but no significant association was found with region, the child's age, the mother's education level, or when the child starting tooth brushing (Table 3) .
Discussion
Our study found high prevalences of ECC and S-ECC (78.2% and 41.2%, respectively) among preschool children aged 3-5 years who were living in Xinjiang. The prevalence of ECC in this survey was significantly higher than that in children in mainland China overall (53.6%) in 2010-2013 [1] . The prevalence of ECC in 5-year-old children (84.5%) is not only higher than that in other [21] , but also higher than that in surveys from neighboring developing countries, including Pakistan (43.7%) [22] , India (58.6%) [23] , and Nepal (52%) [24] . Among those studies, an S-ECC prevalence of only 13% was reported in Pakistan [23] . Our prevalence of ECC is three times higher than that in Pakistan and is similar to the high prevalence of severe caries (44.1%) reported in Northern Thailand [25] . Moreover, we found a high mean dmft of 5.61 for ECC and 8.17 for S-ECC, as well as a very low filling rate (1.7%) among local preschool children. Age code: age of 3 (0,0); age of 4 (1,0); age of 5 (0,1) Abbreviations: CI confidence interval, OR odds ratio, SE standard error The current prevalence and treatment status of ECC highlight the fact that caries remains a serious and urgent problem among children in Xinjiang. In accordance with several known orcontroversial factors related to ECC and S-ECC identified in previous studies [1, 11, 12, 20] , the prevalence of ECC is determined by a complex interaction between sociodemographic and behavioral factors. Lower sociodemographic status (region, less well-educated mother, low-income family, caregiver with cavities), risky dietary behavior (high-frequency sweets consumption, often eating before sleep), risky oral hygiene behavior (starting tooth brushing at an older age), and use of a dental service (dental visit in the past, parents had received oral health care instruction) were associated with ECC and S-ECC in the present study. Our study found that Ining (81.9%) and Kashgar (74.8%) children had a high prevalence of ECC and the prevalence was significantly different between the two regions. The higher caries rates of children in the two regions may reflect inequalities in socioeconomic conditions, an inadequate governmental oral health care system, limited human resources, poor behaviors, and limited awareness of oral health care measures. According to data from the Xinjiang Statistics Bureau in 2013 [17] , local governmental health expenditure of 160.91 billion RMB accounted for 4.6% of the total health care budget, but the spending on oral health care was very low. Although there are no accurate statistics, it is likely that over 90% of total oral health expenditure in Xinjiang is not covered by basic medical insurance. Oral care services are paid for mainly by patients themselves. During the same year, the average annual income in Xinjiang was 13,585 RMB, and only 7296 RMB for a rural family, so most low-income families could not afford dental treatment, which may be one reason for the high caries and low filling rates in the region. People with a lower income and poor educational level usually have a relatively lower life expectancy, and children from low-income families are more likely to suffer from childhood illnesses [26] . Moreover, maternal education influences beliefs and attitudes towards the oral health care of children [15] . Mothers and caregivers play a role in cultivating children's dental health behavior, including tooth brushing, dental care, and dietary habits, which are acknowledged to be protective factors for the primary teeth [15, 20] . Like in other studies [13, 15, 27] , the present study found negative associations of a more highly educated mother and a higher average annual income with ECC, and in contrast, there was a positive correlation between caregivers with cavities and caries rates.
Furthermore, the number of registered dentists in Xinjiang was 2573 in 2013 and the dentist to population ratio was only 1:8800, which is far below the average of approximately 1:2000 in most developing countries [1] .
The shortage of dentists, particularly specialists in pediatric dentistry, is another important reason for the lack of treatment available for ECC in the less developed frontier provinces of China [28] . Further, risky dietary [6, 14] and poor oral hygiene [11, 15] behaviors have been found to be strongly associated with the prevalence of ECC. As reported in previous studies, we found that a low frequency of sweets consumption, no eating before sleep, and starting tooth brushing at a younger age had a significant negative relationship with the risk for caries. Fewer public oral health education initiatives have been undertaken by government medical organizations or individuals in the two study regions. Most parents and caretakers were unaware of their children's oral health status. Among the poorly educated Uygur parents, the language barrier added to their difficulty of accessing oral health information, which may be another reason for the severe caries status in their children. It would be helpful to provide information not only in Chinese but also in the native languages of minority groups when implementing dental health education strategies. Most parents did not focus on oral health care information until their children visited a dentist for severe toothache. Hence, we found that many children with ECC and S-ECC had made a dental visit in the past, because their parents had received oral health care instruction. Therefore, it seems that dentists do not play an effective role in caries prevention practices [11] , probably because the demand for dental care is highly symptom-driven. This, together with the scarcity of dental health care services, may leave the dentist with little time and opportunity to provide preventive advice. These observations highlight the need for development of local oral health care policy to protect primary dentition, insurance reform to cover the field of oral preventive services, an improved oral health care system and health education for the public, more dentists in the rural regions, and promotion of the preventive role of dentists.
This study has some limitations, particularly its crosssectional design, which did not allow for investigation of a cause-effect relationship. Further, only a small number of subjects were selected from more than 10,000 eligible children. We tried to minimize this potential source of selection bias by enrolling children from as many kindergartens as possible in the two study regions. Further, we cannot exclude the possibility of a degree of response bias because the data from caregivers were retrospective and caregivers may have responded with the intention of pleasing the interviewer or been guided by them during the interview. Future research on this topic should include a longitudinal study design and a larger study population.
Conclusion
The findings of this study demonstrate that ECC and S-ECC remain a serious and urgent problem among preschool children in Xinjiang. Lower sociodemographic status (undeveloped region, a less educated mother, a low-income family, a caregiver with cavities), risky dietary behavior (high-frequency sweets consumption, often eating before sleep), risky oral hygiene behavior (starting tooth brushing at an older age), and use of a dental service (dental visit in the past, parents having received oral health care instruction) were associated with an increased risk of ECC and S-ECC. These factors could be modified by public health strategies, such as development of preventive strategies for primary dentition, reform of insurance to cover the field of oral preventive services, an improved oral health care system and health education for the public, more dentists in rural areas, and promotion of the role of dentists in prevention service.
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